"' ' Microbiology Laboratories, Institute for Drug Discovery Research, Yamanouchi Pharmaceutical Co., Ltd.. Quinolactacins A (1), B (2) and C (3), novel quinolone antibiotics have been found from the cultured broth of a fungal strain isolated from the larvae of the mulberry pyralid (Margaronia pyloalis Welker). The fungal strain, EPF-6 was identified as Penicillium sp. from its morphological characteristics. Quinolactacins were obtained from the culture mediumby solvent extraction and chromatographic purification. Compound1 showed inhibitory activity against tumor necrosis factor (TNF) production induced by murine peritoneal macrophages and macrophage-like J774. 1 cells stimulated with lipopolysaccharide (LPS).
Since entomopathogenic fungi possess a parasitic function, the secondary metabolites from the fungi seem to be interesting as a source of screening for new insecticidesâ nd immunosuppressants2'3). We have conducted a search for new compounds from entomopathogenic fungi by chemical screening using an HPLC analytical program. Recently, we reported two novel pyridone compounds, pyridovericin and pyridomacrolidin, which were isolated from the entomopathogenic fungus, Beauveria bassiana EPF-5, as a novel protein kinase inhibitor4)5).
During our further screening for bioactive compoundsfrom fungi, we isolated three novel quinolone compounds, quinolactacins A (1), B (2) and C (3), from the cultured broth of Penicillium sp. EPF-6, which was isolated from the larvae of mulberry pyralid (Margaronia pyloalis Welker), as shown in Fig. 1 . The compound 1 showed inhibitory activity of TNFproduction by murine macrophages and macrophage-like J774.1 cells stimulated with LPS6'7). In this paper, we describe the taxonomy of the producing strain, fermentation, isolation and biological properties of 1, 2 and 3. The physico-chemical properties and structure hours for the TNFassay.
TNF Assay TNF activity was determined by the fibroblast cytotoxic assay using the TNF sensitive cell line, L929, essentially as described previously10). L929 cells were plated in 96-well culture plates at 5X104cell/well in lOOjul of RPMI1640 medium supplemented with 5%FBS and incubated for 22 hours. The cells were then cultured for an additional 18 hours in the presence of serial dilutions of test supernatants and 1 jug/ml ofactinomycin D (Merck Co.). The viability of cells was determined by a quantitative colorimetric staining assay using a tetrazolium salt (MTT, Sigma Chemical Co.).
TNF activity is expressed as u/ml where one unit is the amount ofTNF causing 50% lysis ofL929 cells.
Results and Discussion

Taxonomyof the Producing Strain
Cultural characteristics of strain EPF-6 were as follows. Colonies on Czapek's agar at 24°C attained a diameter of 20-25mmin 7 days and were velvetinous, and olive gray in color. Conidia formation was good. The reverse sides of the colonies were dark green. Exudate and soluble pigment were absent. Colonies on MEAand SDAat 24°C attained a diameter of 15-20mm in 7 days and were felty to velvetinous, brownish white to pale orange, and olive gray at the center in color. Conidia formation was moderate. The Bar represents 5 fiva.
reverse sides of the colonies were pale orange to pale brown. Exudate and soluble pigment were absent. The optimal temperature for growth of this strain was between 20-28°C. Morphological observation was conducted under a microscope. Whenstrain EPF-6 was grown on PDAat 24°C for 14 days, the eonidiophores were borne from the substrate hyphae, and the penicillia were biverticillate as shown in Fig. 2 . The stipes were smooth, and 120-200X3-5.5^.
The metulae were 10-16X3-4.5 m. The phialides were 6-10X2-3 jivn. The conidia were globose to oblate, smooth-walled, 2-2.5 /im in diameter. Based on the above-described characteristics, strain EPF-6 was identified as a member of the genus Penicilliumn) and named Penicillium sp. EPF-6.
Fermentati on
A slant culture of the strain EPF-6 grown on potato dextrose agar (Difco) was inoculated into a 500-ml Erlenmeyer flask containing 100ml of a seed medium consisting of glucose 1.0%, potato starch 2.0%, polypeptone 0.5%, yeast extract 0.5%, and CaCO3 0.4%.
The pH was adjusted to 7.0 before sterilization and incubated for 4 days at 28°C on a rotary shaker at 200rpm. Three ml of the seed culture was transferred into a 500-ml Erlenmeyer flask containing 50ml of the production medium (SC-1) consisting of brown rice 30.0%, yeast extract 0.07%, sodium tartrate 0.03% and K2HPO4 0.03%. The fermentation was carried out for 21 days at 28°C under Compounds1, 2 and 3 were eluted with retention times of 15.1, 9.3 and 17.1 minutes, respectively. The analytical HPLC elution profile of 1, 2 and 3 is shown in Fig. 4 . Cultivation conditions exemplified by the replacement of the production medium by P-5 (glucose 3.0%, glycerol 7.0%, meat extract 3.0%, NaNO3 0.2%, polypeptone 0.8%, MgSO4-7H2O 0.1%,"pH 5.0), P-6 (glucose 2.0%, maltose 3.0%, Soybean meal 5.0%, cornsteep liquor 0.2%, polypeptone 0.3%, NaCl 0.3%, pH 6.0), and P-9 (glycerol 5.0%, potato starch 5.0%, malt extract 0.5%, yeast extract 0.5%, pH 6.0) media, resulted in extremely low production of all quinolactacins (data not shown).
Isolation
The procedure for the isolation of 1, 2 and 3 is shown in Scheme 1. The 21-day old whole broth (5 liters) was added to acetone (20 liters).
After the acetone extracts were filtered and concentrated, the resulting aqueous solution (3 liters) was applied to a Diaion HP-20 column (Mitsubishi Chemical Co., 3X 10cm) and washed with 20% acetone (1 liter). The active fraction was eluted with 40%acetone (1 liter) and concentrated in vacuo. The aqueous solution was extracted with CHC13(500ml). The extract was dried over anhydrous Na2SO4 and concentrated in vacuo to give a brownish oil (1.50g Antimicrobial Activity A wide variety of antimicrobial activity was expected for quinolactacins, since the compounds possess a novel quinolone skeleton. However, compounds 1, 2 and 3 exhibited very weak antifungal activity only against Aspergillus niger ATCC9642, and were inactive against a range of bacteria, filamentous fungi and yeasts.
